genome, several other animal and plant genomes, and over 500 complete microbial genomes. Sequencing the environment was the next big challenge, and marine microbiologists rose to that challenge. Here we review the current state and future prospects for marine environmental genomics.
thE FiR St O cE AN MEtAGENOME S An early example of the way sequencing technology changed our view of marine microbial communities was the discovery and analysis of free-living archaea in the ocean's surface waters (DeLong, 1992; Fuhrman et al., 1992) . Until ocean water was sampled using polymerase chain reaction (PCR) and fluorescentbased hybridization techniques, archaea had been considered specialists of extreme environments, including those with low pH, high temperature, high salinity, and limited or no oxygen. In the marine realm, archaea were thought to be restricted to the deep-sea vents, anoxic muds, and other limited locales.
In contrast, the oxygenated, moderatepH surface or deep waters were thought to harbor only bacteria (DeLong, 1992; Fuhrman et al., 1992) . Because these free-living archaea remained recalcitrant to culturing, more genetic information was required to understand their functional contribution to the ecosystem.
Large insert (approximately 40,000 base pairs or 40 kb) fosmid libraries were constructed and probed for the presence of archaea (Stein et al., 1996) .
The 16S rDNA gene, whose product is required for DNA transcription, was, and remains, the most authoritative determinant of the presence of bacteria or archaea in a sample. Because archaea accounted for less than 5% of the microbial cells in the oceans (though still numbering in the millions or more cells per milliliter of seawater), and because very few of the 40 kb fragments contained 16S rDNA genes, thousands of individual clones were screened before a single clone that contained an archaeal 16S rDNA gene was found (Stein et al., 1996) . Approximately 2 kb portions of the 40-kb insert from the single archaeal clone were subcloned and sequenced, representing one of the first sequenced marine community genomes. These sequenced fragments revealed the true origin of this DNA fragment-from a Crenarchaeota-and provided insight into the evolution, ancestry, and metabolic potential of this organism (Stein et al., 1996) . new type of rhodopsin, a purple pigment photoprotein that harvests biochemical energy from green light, was thought to be restricted to archaea. However, community sequencing approaches revealed this gene adjacent to a bacterial 16S rDNA gene (Béjà et al., 2000) .
Fosmid libraries have proved fruitful
for identifying new sources of genetic information and remain the method of choice for isolating complete genes that perform biological functions of interest to the biotechnological community (Vergin et al., 1998; Robertson and Steer, 2004; Hårdeman and Sjöling, 2007) . In addition, it has long been known that genes that perform related functions cluster together along the chromosome (Overbeek et al., 1999) , and sequencing large contiguous DNA fragments contained on fosmids can yield complete pathways (DeLong et al., 2006) . For example, this approach was used to identify the pathways whereby archaea use oxidized methane anaerobically (Hallam et al., 2004) .
The application of high-through- First, large insert libraries were made, screened for a gene of interest, and that particular isolate was subcloned and sequenced. Second, random small insert libraries were sequenced using high-throughput Sanger Sequencing. Then, more recently, random uncloned fragments were sequenced using highthroughput pyrosequencing.
AGCTACGCATGCAT GCTAGCTAGCTAGC GATCTCAGCATCGA CAGCTACGATACGC ATAGCATCAGCATC AGCATACGCATCAG CAGCATCGCATCAG for detailed understanding of the complexities of marine microbial life. Indeed, complete genomes were assembled from the individual reads-alas, they had a decidedly nonmarine origin (Falkowski and Vargas, 2004; DeLong, 2005; Mahenthiralingam et al., 2006) . These data revolutionized our view of marine microbiology, altered our perception of how the data would be handled and analyzed in the future, and created a furor among biologists, as widely used databases overflowed with sequences simply labeled as hypothetical proteins from the Sargasso Sea (Tress et al., 2006 ). An immediate observation from the Sargasso Sea sampling was an abundance of genes involved in photosynthesis.
Rather than being from chlorophyllbased systems, many of these genes were rhodopsin-like photoreceptors (Venter et al., 2004) . Furthermore, many of the photorhodopsin-like genes identified, 782 in total, were distinct from the proteins identified in earlier work (Béjà et al., 2000) , suggesting that many more organisms in the ocean are capable of harvesting light than first imagined, and productivity estimates from satellite chlorophyll measurement may misjudge the amount of light being captured by marine microbes.
The Sargasso Sea environmental genome was a milestone in marine genome analyses, and it continues to be mined by researchers in a surprising number of areas, especially in biology and computer science. These data allow hypotheses to be generated, and tested (e.g., Rodriguez-Brito et al., 2006) . However, the visage provided by the Sargasso Sea data set was dwarfed by the first release of the Global Ocean Sampling (GOS) expedition data set Yooseph et al., 2007) , Further, an increase in diversity towards the equator was found in the microbial communities present in both the GOS data and a survey of nine targeted oceanic regions (Pommier et al., 2007) , which reflects trends seen in the ecology of macrobiota.
These two observations-sequences will not assemble but many bacteria are ubiquitous-appears contradic- ...it is clear that the more we learn, the more we realize how much we don't yet know.
The advent of cheap, fast sequencing through pryosequencing offers the ability to use metagenomics to answer important questions in marine ecology and geochemistry rather than just provide generalized observations. For example, disease has been steadily increasing in marine environments, and many important commercial species, such as oysters and mussels, are being affected and lost for commercial purposes (Barber, 2004; Harvell et al., 2004) 
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